food moves back into the mouth from the proximal two chambers of the stomach by retrograde peristalsis which is coordinated with a relaxation of the lower esophageal sphincter. The animals then re-chew and re-swallow the regurgitated food, and this aids in the digestion and absorption of food by reducing particle size and enhancing mechanical degradation (1).
Rumination syndrome in humans refers to a clinical entity which is characterized by the effortless, often repetitive, regurgitation of recently ingested food into the mouth (2,3).
The regurgitated material can be chewed and swallowed again, or is spat out. Typically, the regurgitation in rumination is not preceded by nausea or retching. Rumination syndrome was originally described in children and in developmentally disabled (4-7), but it is now well-recognized that rumination syndrome occurs in patients of all ages and cognitive abilities, the majority of them female (2, 3, (8) (9) (10) (11) (12) (13) .
Clinically, rumination syndrome is probably under-diagnosed, and adults with rumination may be erroneously considered to have (refractory) vomiting secondary to gastroparesis or regurgitation due to gastroesophageal reflux disease. Lack of awareness amongst 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w physicians probably contribute to missed diagnoses of rumination syndrome, which should be considered in the differential diagnosis of all patients presenting with "regurgitation" and "vomiting", especially when they occur postprandially and are associated with weight loss (14, 15) . Poor understanding of the syndrome by physicians may also reduce the effectiveness of therapeutic interventions in patients with this complex disorder.
Methods
To identify relevant studies, both computerized (Medline) and manual searches were performed, using the cited references of the retrieved articles. MeSH and free-text terms for rumination syndrome were used alone or combination with the terms pathogenesis, pathophysiology, pathogenesis, epidemiology, treatment and management for searches conducted for the period up to November 2010.
Epidemiology
The epidemiology of rumination syndrome in the adult general population remains to be carefully defined. Reliable data on the prevalence of the disorder are lacking, and data from clinical practice are probably inadequate for this underdiagnosed condition which is often not considered in the differential diagnosis of refractory vomiting or regurgitation.
Based on the case numbers seen at referral centers, rumination syndrome is probably uncommon (10) (11) (12) (13) (14) (15) . 
Diagnostic Criteria
According to the Rome I and II consensus, rumination syndrome in adults was defined as effortless regurgitation of recently ingested food into the mouth with subsequent remastication and reswallowing or spitting out, in the absence of structural disease.
Furthermore, the Rome II definition stated that the regurgitation is effortless, not associated with abdominal discomfort, heartburn, or nausea, and can occurs in the postprandial period to cease when the food taste becomes acidic (16, 17) .
Rumination is well described in infants with the typical age of onset between three and six months. The Rome III committee based adult diagnostic criteria on the pediatric criteria and on the Rome II definitions. The definition was adapted to stress the absence of retching and nausea in most cases, as well as the time frame of 3 months for all functional disorders (14) . The Rome III definition for rumination syndrome in adults is summarized in Table 1 (18) . The definition for rumination in childhood and adolescence is closely related (19) , but includes failure to respond to anti-reflux therapy. In infants an adapted definition has been proposed (20) . It is often stated that rumination syndrome can easily be diagnosed by history alone (15, 17) . Typical elements are the start of regurgitation during or immediately after the meal, the effortless nature, the absence of prodromal nausea and especially the ability to swallow the regurgitated material. In typical cases, repetitive regurgitation of gastric contents starts within minutes, often already during the meal, and usually persists for 1 up to 2 hours. To the subject, the regurgitated material is recognized as food, and often has a pleasant taste (12) . The regurgitation is effortless or may be preceded by an immediately preceding sensation of belching. These features may help to distinguish rumination from vomiting, although history alone is not always accurate (21) . In case of a sufficiently convincing history, a firm diagnosis of rumination can be made, the nature of the disorder can be explained to the patient (3, 11, 12, 15, 18) , and treatment can promptly be initiated (see below). In some cases, there may still be diagnostic uncertainty, or the patient may be reluctant to accept this simple diagnosis (21) .
Clinical Evaluation and diagnostic approach
In spite of the often typical presentation, a diagnosis of rumination is often delayed in clinical practice, and patients may initially be misdiagnosed as having gastroesophageal reflux disease (GERD) or dyspepsia/gastroparesis with vomiting (11, 22) .
Distinguishing rumination from regurgitation as a part of the typical GERD spectrum is sometimes difficult, especially if some heartburn is or was present and when the patient has already been treated with a proton pump inhibitor. Regurgitation, like rumination, occurs mainly postprandially, is effortless, may be swallowed again and is not preceded by nausea. Furthermore, endoscopy may reveal low-grade esophagitis, a consequence of caustic gastric contents that are brought up during rumination events, which may (11, 23) . Upon detailed examination, the traces show a high number of repetitive events in the first postprandial hour, a busy erratic pattern of back-and forthmovement by regurgitation and re-swallowing, and absence of events at night ( Figure   1 ). Furthermore, when studied off acid suppression, there is often a discrepancy between the high number of reflux events and the relatively modest percentage of time that the esophageal pH is below 4, due to food buffering of gastric acidity during the postprandial period when repetitive regurgitation occurs (11).
In the majority of patients, additional symptoms such as nausea, heartburn, abdominal discomfort, diarrhea and/or constipation are also present (1, 11, 18, 22) . Weight loss can also be a prominent feature of rumination syndrome, particularly in the adolescent population. (3, 4, 11, 18, 22) . These features make distinguishing rumination from gastroparesis less obvious in certain cases, but in gastroparesis there is preceding nausea and often retching, and vomiting occurs typically late postprandially, and the food is no longer recognizable as such by taste. While vomiting may be intermittent, or dependent on the meal, rumination seems to occur invariably with every meal, and often also occurs after ingestion of only liquids. Occurrence of weight loss in young female adults may also lead to misdiagnosing as bulimia and/or anorexia nervosa. (24) (25) (26) . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The manometric pattern associated with rumination has been described already a long time ago in the literature (12, 27) . More recently, the yield of adding stationary intraluminal impedance was evaluated. Performing stationary esophageal manometry and impedance with administration of a meal and monitoring of postprandial regurgitation events refined the diagnosis and was able to more accurately distinguish between rumination, regurgitation and belching (21) . In the rumination events, a rise in intra-gastric pressure as assessed by manometry preceded or occurred simultaneously with retrograde intra-esophageal flow as detected by impedance (21) (Figure 2 ). More recently, the combined use of manometry, high resolution manometry and stationary esophageal impedance in the evaluation of rumination and regurgitation disorders was evaluated, and the combination of high resolution manometry with stationary impedance monitoring had the highest diagnostic accuracy and was able to detect some unusual patterns (Figure 3 ), including combinations of esophageal belching and rumination (28) .
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Pathophysiology
Rumination is characterized by a rise in intra-gastric pressure which precedes or coincides with retrograde movement of gastric contents into the esophagus (21, 27) . The rise in intra-gastric pressure is generated by a voluntary, but often not intentional, contraction of the abdominal wall musculature. In addition, it has been suggested that a The reason for the straining is unclear, and both psychological factors (see below) as well as attempts to relieve dyspeptic symptoms with belching leading to a rumination behavior have been suggested (11) . 
Psychological Features
In some patients, stressful life events can be identified around the period of symptom onset (11) . However, in most cases, rumination occurs in the absence of such identifiable eliciting factors. Associations between rumination and bulimia nervosa have also been described. Studies reported rumination in 20% of bulimics, and a history of bulimia in 17% of females with rumination (12, 26) . However, ruminators with bulimia tend to expel rather than to re-swallow their food, and they may also exhibit self-induced vomiting by digital stimulation of the hypopharynx. It has been suggested that rumination in this group is a learned behavior, aimed at controlling body weight without induction of frank vomiting, and therefore may be considered more a variant of an eating disorder. Because of the underlying aim of weight loss, treatment of rumination in bulimics has been reported to be less successful.
TREATMENT
To date, controlled trials in the treatment rumination syndrome are lacking, and the available evidence consists mainly of case series. Rumination is often misdiagnosed as GERD with regurgitation, and proton pump inhibitors (PPIs) are often started. In rumination syndrome, PPIs may provide some benefit by suppressing the symptom of PPIs is limited and they are at best and adjuvant while more definitive therapy is instituted.
The mainstay of treatment for rumination syndrome is explanation of the condition, the mechanism underlying the rumination events, and behavioral modification. Behavioral treatment consists of learning and using habit reversal techniques, usually diaphragmatic breathing, which compete with the urge to regurgitate (29, 30, (33) (34) (35) . The application of diaphragmatic breathing during the postprandial period effectively eliminates rumination activity (29) . Diaphragmatic breathing can easily be learned by putting a hand on the chest and on the abdomen during respiration, and instructing that only the hand on the abdomen may move with breathing (29) . Case series report disappearance of rumination behavior in 30-66% and improvement in another 20-55% (11, 34, 36) . Alternatively, chewing gum has been proposed as a treatment of rumination in the pediatric population. A number of case studies reported a positive effect of chewing gum, which led to a reduction of the number of rumination events in young children and adolescents (37,38).
In theory, treatment aimed at restoring the barrier function of the LES should also be effective. In a small group of patients who did not respond to behavior therapy, a Nissen fundoplication was reported to be effective (39). However, clinical experience suggests 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w that the outcome of surgery may be less favorable, potentially leading to persistent symptoms which may include retching, gas-bloat syndrome, and gastroparesis. Medical therapy aimed at improving LES pressure is another potential approach. One study used the prokinetic levosulpiride as adjuvant, but the focus of treatment was also on psychotherapy and education (40). The same authors also found that a higher LES pressure was associated with a better treatment outcome (40). However, prokinetic drugs are generally not very effective at improving LES pressure (41). On the other hand, baclofen was found to significantly enhance postprandial LES pressure and to suppress TLESRs, and this could potentially beneficial in the treatment of rumination syndrome (42). In a preliminary series of 10 patients who underwent combined high resolution manometry with stationary impedance monitoring and administration of a 1000Kcal solid meal, we observed that baclofen 10 mg preprandially was able to decrease symptoms of regurgitation by approximately 50%. In addition we observed a 65% reduction in rumination episodes identified on th HRM-impedance recording (Blondeau et al., unpublished observations).
Future research
The exact epidemiology and the natural history of the rumination syndrome await detailed studies. The causes and onset of rumination syndrome also remain unclear.
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Rumination syndrome in adults:
Must include both of the following:
1. Persistent or recurrent regurgitation of recently ingested food into the mouth with subsequent spitting or re-mastication and swallowing.
Regurgitation is not preceded by retching
Supportive criteria:
1. Regurgitation events are usually not preceded by nausea 2. Cessation of the process when the regurgitated material becomes acidic 3. Regurgitant contains recognizable food with a pleasant taste
Rumination syndrome in adolescents :
Must include all of the following: 
Rumination syndrome in infants :
Must include all of the following for at least 3 months:
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